Recirculating Aquaculture Systems (RAS) 
INTRODUCTION
Recirculating Aquaculture Systems (RAS) used in aquatic research and production are a viable alternative to traditional open-sea mariculture. They are highly attractive in geographical areas where mariculture development is hampered by environmental conditions (Meske, 1985) . As a follow-up of treating and reusing seawater, the recirculating system uses a much smaller amount of water and the resulting effluents do not pose a danger of contamination for the marine environment, while eliminating the major risk of storms (Landow, 1991) . The rearing of marine living resources in controlled environments is one of NIMRD's (National Institute for Marine Research and Development "Grigore Antipa") constant concerns. The design of the seawater supply system is an extremely important condition in planning the incubation and rearing station of aquatic organisms, considering both economic and technological aspects (Niță et al., 2011) . The knowledge of biological information of fish growth indicates the well-being and adaptation to the aquatic environment (StavrescuBedivan et al., 2016) . A Recirculating Aquaculture System (RAS) is basically composed of three major units: the seawater absorption unit, the primary filtering (if necessary) and storage unit, and the secondary filtering and sterilizing unit (Muir and Roberts, 1999) .
Seawater absorption
There are three classical seawater absorption methods: direct pumping, "mining" and drilling. The most appropriate technique should be carefully selected, taking into account the conditions in the field, the topography and any other particular conditions in the area. The first two methods seem more appropriate for high capacity hatcheries, while the latter is suitable for small and medium-sized breeding stations. For the present research, the direct seawater pumping system connected to the laboratories of the National Institute for Marine Research and Development was used.
Primary filtration and storage tank
Seawater absorbed from different depths crosses a pre-filter (containing a layer of anthracite 100 cm thick and 1.5 mm in diameter), and then is stored in tanks. Subsequently, water is pumped into the storage tanks of the rearing and breeding station.
Secondary filtration and sterilization
Seawater is then filtered through the mechanical sand filter (Figure 1 ), containing anthracite 0.8 mm in diameter and sand with different grain sizes. Further on, the water passes through a 5 μm accuracy filtering cartridge (Figure 2 ). In order to minimize the pathogenic load, the filtered seawater is then UV sterilized and distributed to the various compartments of the system.
Heating system
A heating system is essential in order to obtain the best results in mariculture. As such, two sets of heaters were set-up, with capacities of 200 and 400 x 10³ kcal/min., respectively (a primary heater and a spare heater).
Tanks
In rearing marine living resources, various sizes and shapes of tanks can be used, both for the organisms used as feed, and for larvae and juveniles. Most of the times, round tanks are preferred, due to the fact that the circular driving of water pumped and the central location of the drainage allow an easy discharge of excessive organic matter, while not generating an overly strong water current (as is the case of rectangular tanks), which would cause unnecessary fatigue to the fish.
A prerequisite for these tanks is the smoothness of inner surfaces. A rugged surface of the tank is not recommended for sanitary issues, being a favorable factor for the formation of bacterial films, which can cause water degradation. The diversity of production in fish culture by introducing valuable species, for which there is demand for consumption, is one of the main development directions of aquaculture (Costache et al., 2017) .
MATERIALS AND METHODS
The golden gray mullet Liza aurata (Risso, 1810) (Figure 3 ) is widely distributed in the Mediterranean, Black, and southern Caspian Seas, as well as along the Atlantic coast from Scotland and the southern coast of Norway and Sweden south towards Morocco (Thomson, 1990) .
Together with other members of the Mugilidae family, they inhabit coastal lagoons and estuaries, where they constitute target species for artisanal fisheries (Katselis et al., 2007) . They also play a crucial ecological role as biotic vectors of organic matter between littoral habitats and the open sea (Lefeuvre et al., 1999) . Mullet farming in extensive and semi-intensive ponds and reservoirs has been practiced worldwide for centuries, especially in the Far East and in the Mediterranean region (Crosetti and Cataudella, 1995) , reaching a total global production of 134,329 metric tons in 2010 (FAO, 2012 (Pillay, 1990) . Their potential for aquaculture stems from their euryhaline and eurytherm adaptability that allows them to grow well in a variety of ecosystems, from coastal lagoons with saline and brackish waters to freshwater ponds (Crosetti and Cataudella, 1995) . Moreover, fry production is high in certain seasons, and their capture almost entirely supports seed supply for mullet aquaculture (Crosetti and Cataudella, 1995) . Mullets are also commercially important; L. aurata fetches 4-6 €/kg on the Greek market (Hotos and Katselis, 2011) . The biological material used for the experiment was represented by golden gray mullet fingerlings fished using the beach seine from the Black Sea (harvesting site -Mamaia Bay, September 2016). They were transported to NIMRD's laboratory in sufficiently large tanks filled with seawater and provided with permanent air flow ( Figure  4) , and, after gradual temperature harmonization, carefully transferred in the experimental tank of the RAS ( Figure 5 ). 
RESULTS AND DISCUSSIONS
L. aurata fingerlings were monitored for health state, growth rhythm (mean length and weight determinations), and behavior under RAS conditions, survival rate and overall adaptability. Initially, the fish did not ingest food, which was provided in small portions, so as not to load the water with excessive organic matter during the acclimation period. The switch to inert feed (pellets) under captive conditions was gradual. The feed was represented by Skretting Classic K 1P pellets, grain size 2 mm in diameter and the following proximate composition (Table 1) .
After 72 h, the seawater parameters in the tank were as follows: T tank = 15.6°C; S tank = 14.4‰. At this point, a first intake of 12 g of fodder was given, according to the formula for this body size (Zaharia, 2002) : daily intake = fish biomass x 2.5%. The complete consumption of the feed intake was observed after 24 h, and subsequently another quantity of 12 g of fodder was administered. It was noted that fish started eating regardless of human presence (Figures 6 and 7) . Virtually, it was after this point that we proceeded to daily feeding of the fish with the calculated intake of the fodder, avoiding any disturbance of the feeding rhythm. It was at this point when water temperature control started being implemented, keeping the temperature at a steady value of 19°C. Ten days after transportation, when all parameters were stabilized and fish fed actively, it was considered that the critical acclimation from natural conditions to NIMRD's RAS had been successfully completed. It was then that the first measurements of the batch were performed, for fish total length and biomass determination. The mean values recorded were the following: L mean = 9.3 mm W mean = 8.3 grams The growth of juveniles after 90 days (upon completion of the experiment) was 89.2% for total length (from a mean of 9.3 mm at the beginnig of the trial, to 16.6 mm in the end) and 246% for mean biomass (from 8.3 g initially to 41 g mean biomass after three months) (Figures 8 and 9 ). Most certainly, the high growth rates recorded must take into account the fact that the fish used for the experiment were juveniles (fingerlings), thus having a very fast growth rate ( Figure 10 ). We estimate that the values will subsequently decrease, which will be monitored during later rearing of mullets in NIMRD's tanks. Concerning overall adaptability, after approximately one month, the golden gray mullet individuals fully adapted to rearing in the RAS tanks and handling during measurements. Moreover, the food administered (Skretting Classic K) was easily accepted, active feeding behavior being observed even in the presence of NIMRD's staff. Throughout the experiment, fish were very active (which is characteristic for the species). The fish's health state was good, with no mortalities caused by infections or parasites. The survival rate upon completion of the three monitoring months was 76.66% (23 of the 30 individuals included in the experiment). However, mullets are known to be sensitive to handling, which causes loss of scales and makes them prone to bacterial and fungal infections resulting in mortality even several days after stocking (Yashouv, 1972; Dankwa et al., 2004) . Certainly, the mortality rate observed in this study could be partially attributed to handling, in spite of the special care which was given to this activity. Moreover, transition from natural to artificial diets could also be considered a major factor affecting mortality.
CONCLUSIONS
This first experimental stage aimed at testing mullet rearing in a recirculating system, under circumstances similar to Black Sea waters (target species -golden gray mullet Liza aurata).
The preliminary results obtained showed a good adaptability and a normal growth rate, which makes Liza aurata a potential candidate for aquaculture targeting the national and regional market.
